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SOME YAWING TESTS OF "4 1/30-SCALE MODEL- OF--THE- HULL
OF THE XPB2M-1 FLYING BOAT

By ¥. Y. 8. Locke, Jre.
SUMMARY

The results obtained from yawing tests of a 1/30-
ecale model of the complete hull of the XPB2k-1 (Stevens
Model No. 404) are shown to be in sudbstantimsl agreement
with preliminary full-scale flight tests on the flying
boat. The model tests cover the entire range of speeds
up to get-away, on the basis of the deslgned groass weight
of the flying boat (140,000 1b).

Reports of preliminary flight tests of the XPBIM-1
flying boat indicated that there was a2 definite tendency
toward directlional instabllity iz tke -vicinlty of the
hump. The model tests show that the hull 1s unstadble at.
gpeeds up to and Just past the hump. It was found that
within the .range Cy = 2.0-3.5 the curves of yawing

moment are discontinuous at small yaw angles, and this
has been associated with the difficulty found in the
preliminary flight testas.*

INTRODUCTION

It hes not been necessary, 1in the past, to give much
attention to the directional stability characteristics of
flying-boat hulls. Gott, in referemce 1, suggested that
directional instability wes to be met with, only occaslon~
ally. Recently, the reverse has apparently become true.
At least three modern flying boats heve exhibited varying
degreesg of directional instability on the water.

*Since the tests herein reported were completed, small
alterationg to the hull, based upon model test findings,
are reported to have subatantliaelly improved the direc-
tional atatllity chaeracteriatics.




Although the preliminary flight tests of the XPB2M-1
had shown directional instability ovorimarily in the region
of the hump, Gott's experience had shown instability at
high speed. It was thoughit worth while, therefore, to
makxe an investigation which would cover the entire range
of speeds from zero to geit-away. This investigation had
two objectives:

1. To find curves of yawing moments against yaw, and
to attempt a correlation of their shapes with
the reporited fulli-size behavior .

2. To provide a background for future work

This investigation, conducted at the Stevens Institute
of Technology, was sponsored by, and conducted with finan-
cial assistance from, the ¥ational Advisory Committee for
deronautics., :

DESCRIPTION OF MNODEL

The wodel was built for The Glenn L. Martin Company,
to their Drawing To. R240073, and was used vy them for
several investigations. It was used for the present in-
vestigation, in preference to other models, becauvse it
was a full model of the hull, complete with top and tail
cone. The body plans are given ian figure 1.

The center of gravity was located in the specified
longitudinal and vertical positions, and on the center-
line plane. The model was allowed to pivot freely atout
both the transverse and vertical axes, except in certain
tests at high speeds, during whick the trim sngle was
locked.

Particuvlars of the model and of the full-size flying
boat are listed on page 7.

APPARATUS AND PROCEDURE

The model was mounted on vYearings in a yoke. 7The
bearings allowed pitching freedom and the yoke could be
adjusted to produce fixed heel angles. The yoke was at-
tached to a staff which allowed freedom in yaw and heave.




The amgular motion of the staff was restrained by a cali-
" brated spring, thus allowing determiration of the yawing
moment. A dashpot was provided for damping in yaw, which
some preliminary experience had shown to be desirable.

A sketch of the apparatus is shown in figure 2 and a
photograph in figure 3.

The calibrated spring mentioned previously constituted
thae yawing moment dynamometer. The spring was relatively
weal:, and provision was made for changing its stiffness.
The magnpitude and direction of the yawing moment, at the
running yaw angle, was determined by noting the difference
between the angles of yaw when stationary and in motion.
A1l moments and angles are referred to the wind axis (i.e.,
to the horigontal plane).

Up to about 12.5 feet per secord (half get-away),
the model was tested free to trim according %o the sched-
vle of loads previously used for a series of resistance
tests on the same model, reported in reference 2. Af
higher speeds the model was tested at fixed trims, for
which the loads wers calculated from the aerodynamic char-
acteristics of the flying boat. At each speed, sufficient
tests were made to define the shape of the curve of yawing
moment against yaw angle, especially in the region of
small yaw angles. ¥When free to trim, the trim and heave
were recorded. All ths Ltests were run at gzero hneel angle.

RESULTS

et

fThe following nondimensional cosfficients ars used:

Load coefficient. Cp = Afwd
Speed coefficient Cy = Y/J/ED
Trimming moment coefficient Cg = M/wb4
Yawing moment coefficient me = M\j//wb4
Zeave coefficient Cp = k/D

where




A load on water, pounds

w specific weight of water, pounds per cubic foot
(62.3 for Stevens)

b beam at main step, feet

v speed, feet per secomnd

g acceleration of gravity, 382.2 feet per second?
M trimming moment, pound foot

MW yawing moment, pound foot

h heave at center of gravity (height above position at
rest and zero trim angle), feet

Moment data are referred to the center of gravity.
Fater trimming moments which tend to raise the bow are
considered positive. Water yawing moments which tend to
rotate the bow toward the right (starboard) are considered
positive. Yaw angles to right of the course are considered
positive. :

Trim (T) is the 2ngle between the base line of the
hull and the horizontal.

Yaw (V) is the angle bDetween the center line of the
hull and the course, measured in a plane parallel to the
still-water surface.

The large chart in figure 18 is considered an impor-
tant presentation of the results; it provides a comprehen-
sive view of all of the directional stadbility character-
istics under the given set of particulars. Each saclosed
rectangle (or special shape whers necessary) shows the
curve of yawing moment against yaw angle for the speed and
trim angle indicated by its center. Study shows that, in
general, there are four tyves of curves. Taking the slope
of the moment curve ai zero yaw angle-as a msasure of the
stability of the flying boat in yaw, the four tyves nay
be defined as follows:




Type . dC! /d\"

Posltive stability Yegative
Neutral Yery small positive or sero
Negative stabllity Posltive

fTHooking" instability Curve discontinuoue at emall angles

It will be seen thaet the hull iag directionally unstable

up to about half the get-away speed, except for a very
small reglon. This small region of poslitive stabllity 1la
enclosed by a contour line. The cases of "hooking" insta-
bility occur wlthin a small region, which 1s also enclosed
by a contour line. It will be noted that the region of
instability starte at zero speed and exztends 2lmost up to
the hump. At speeds above the hump, the bhull is stable '
at high trim angles, where the afterbody is normally wetted:;
and neutrally stable at low trim angles, where the after-
body 1a normally clear. It would be expected that, once
this hull has pasged the hump, no trouble from directional
instabllity would be encountered.

The report on preliminary flight tests of the actual
XPBR2¥~1 flying boat beares out these indicatlons of the
model tests, at least in part. It states that, at speeds -
below the hump, "constant attentlon must be given to keep
the flying boat headed very close to the courss, and un-~
balanced power must be applied rapidly to check any desvia-
tion from the course. If corrective moment is not applied
rapldly to check the firet sign of yawing, the boat may
become unmanageable. Cross~-wind taxying may be very nearly
impossible, even with maximum unbalanced power." 4As no
remarks are made concerning directional stabllity past the
hump, 1t 1s assumed that no trouble was experienced.

Some of the model test results are shown 1in detall
in figures 4 to 1l7. The maximum avallable moments due to
full rudder deflection, with balanced vower, are marked
on these charts. It will be seen that at low speeds the
rudders are not nearly powerful enough to overcome the
hydrodynamic yawing moments for anything more than a very
small yaw. On the other hand, at high epeeds, the avall-
able rudder moments are more than sufficlent to control
any deviation from the course. It avpears, therefors,
that any further work on directional stabdility may well
be concentrated on the low- and hump-speed regions, and




that, in these regions, no balp shovld be exvected from
the aerodynamic controlg., A satigfactory hull should
presumably have neutral stability at all speeis.

Visual observations made during the teats indlcated
that the hooking instabllity imn ths vicinity of the hump
wag caused malnly by water which passed over the after-
body sides in the vicinlty of the stern vost and wetted
the tail cone, Although sometimes noticenble under other
condltions, thls was especlally notlceable where hooking
instability occurred. In one or two of the tests with
large yaw angles, At speeds in the vicinity of the hump,
water washed right over the tail far enoush forward to
leave the rear gun turret out of water, and would proba-
bly have damaged the thRll surfaces on the actual flylng
boat.

Gott (reference 1) used lightsr loadings than the
tests hersin revorted, and he used only relatively larger
vaWw angles. He found comparatively large unstable vawing
moments at blgh speeds under these conditions. The vres-
ent tests indlicate that Probably the same thing would have
been found haed they been carried to higher yaw angles.
Fipgh yaw angles were not considered to be marticularly im-
vportant at high svpeeds for the flying boat under investi-~
gation tecause of the large avallable rudder moments.

@Gott found that, in goneral, increasing tha trim angle
improved the directional stability characteristics at higk
sveeds, which agrees wlth tha findings in the present tests,

CONCLUSICES

l. The type of instabllity which glves most trouble
in the full-size flying boat shows up as discontinuous
moment curves in the model experiments - raferred to as
"hooking."

2. Water clinging to the aftarbody sldes and tail
cone seems to be the cause of the discontinuous moment
curves, and thls 1g the region in which further work is
likely to pay (in fact, alresdy has paid) dividends.

3. In the region from Just beyond the humn to get-
away, the hull 1s elther directlonally stablae or the avail-
abls merodynamic moments are sufficient for control.

Stevens Institute of Tschnology,
Hoboken, N. J., December 9, 19l2,
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PARTICULARS AND SPECIFIGCATIONS Full Size Hodel
Navy Designation’ XPB2H-1
Martin Model No. 170
Martin Drawing No. R240078
Stevens Model Ho. 4ol-1
Scale 1 1/30
Dimensions

Beam at main step, inches . . . . . . . . 162 5.40
Angle between forebody keel und baee 1ine.

degrees. . . C e e .. 2.0 " ®.0
Angle betweern efterbody keel end base 1ine.

degrees. . . t s s e e s s s e . 5.0 . h.O
Helght of main sten at keel inches . . . . . 8,1 0.27
Center of gravity forward of main step (26. 58

percent M.A.C.), inches. . . . A () 2.33
Center of grevity above base line, inches « . . . 1U6.7 .89
Gross weight, A, povnds - . . . « « . » . . . 140,000 5.19
Wing spen, b, feet « o+ - « + « ¢« = + o« « . . . . 200 6.67
¥Wing area, 6, square feet . . . . - . . . 3583 k092
¥een serodynemic chord (M.A.C.), inches . . . . . . 2ug 8.30
Horizontal tall area, square feet . . . . . . . . . 508 0.565
VYertical tail area, square fest . . . . .+« « « 350 0.389
Distance, center of gravity to 35 percent h A.C.

horizontal tail (tail length), feet . . . . . . 63.5 2.12
Thrust line, above base line at main stoep,

inches. . . e e e e e .. . 230.3 7.68
Thrust lins, 1nc11ned upward to base line,

degrees LT 5.5

*A11 trim angles referred to base line.




Aerodynamic Characteristics

¢, et T =5° (relative to base line){1laps 30°). .1.585 1.585

L et T =5 . e D ... 695 ¥R 7.72 % 107 43
ch/a-r ........ e e e e e e e e . . o 0,1045- 0.1045 .
dL/d T, pounds per degree . . . . . . . . . . . . 0.478 w2 0.509 x 10 +v=2
acuceja Tlav.) « « ¢ v v v v e e e e e e e . =0.0150 -0.0150
dHcG/d.T, pound-foot per degree (av.) . . . . . . 1.365 v° 5.05 x 10 ° ¥2
Oggg/a¥ (av.) - o o -0.0006 ~0.0006
chdolll (av.) + ¢« v i e e e e e e e e e e 0.546 v2 2.02 x 10~ v@
CNag  (mex. rudder foree). . . .. ...... + 0.0143 0.0148
Get-awey speed, feet per second. . . . . . . . . . 130 23,74
Get—eway O, . . . ¢« ¢« ¢ ¢ v ¢ v v v 0ot 1.890 1.890
Gebtb-away T, degrees . . . . . . v v v ¢« v v . . . 8.8 Z.8

Batios Jull-Size

Model
1/2
;: 5-377 0
3.0x 1
A® 9.0 x 10°
3 3
7\4 27.0C x 10
A £1.0 x 10
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(Station numbers are distances aft of fore point in inches for the full gize.) ¥
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Figure 1 - Body plan of model XPB2M-1.
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Figure 3.- Apparatus

setup for yawing tests.
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